Introduction
Reducing the burden of food and water borne, diseases represents one of the major challenges for achieving the millennium development goals (MDG) during the next decennia. The disease burden from diaorrheal diseases are 72.8 million disability adjusted life years (DALY) and responsible for constitute the second leading cause of burden of disease in the world. (WHO, 2004) . Furthermore, gastroenteritis is a major cause of malnutrition in infants and young children in developing countries, and it has been reported that 1.8 million deaths in total and 17% of all deaths of children under 5 years of age can be attributed to diarrhoeal diseases (WHO, 2004 (WHO, , 2007 . In a large proportion of these cases, the causative agent has been transmitted through the food chain, including drinking water. It has been estimated that in USA 76 and 14 million persons every year suffer from foodborne disease, of unknown and known causes respectively (Mead et al., 1999; Newell et al., 2010) .
Furthermore, viruses that cause hepatitis, e.g. Hepatitis E (HEV), in humans and are of major importance in developing countries, and increasingly also in developed countries, may be transmitted through contaminated water or through food (Purcell & Emerson, 2008) . This is also true for some viruses causing meningo-encephalitis in humans, e.g. Tick Borne Encephlitis virus (TBE) (Newell et al., 2010; WHO, 2007) .
Until fairly recently the importance of viruses as foodborne pathogens was not realized. There are several reasons for the late recognition of virus as important food-borne pathogens.
Most important is the failure to detect viruses in outbreaks of food borne disease. Moreover, deteriorating quality of food bacterial contamination of food may be evident as changes in organoleptic appearance as a result of growth of spoilage bacteria. However for both viruses and bacteria, contamination presenting a public health risk may not be associated with changes of the foodstuffs sensory characteristics.
High viral loads have been found in food declared safe by traditional food safety controls (Newell et al., 2010) .
Moreover, indicator organisms of fecal contamination, such as number of Escherichia coli or coliformes, are not suitable to demonstrate freedom or presence of norovirus in food (SCVMPH, 2002) .
Virus contamination of food often occurs late in the food chain when food is handled, for example in the case of noroviruses, in restaurants or in nursing homes, or in cruiseships (ECDC, 2009) . Food may become contaminated with norovirus by an infected food handler whom is not yet aware of being infected. Even with the application of highly sensitive molecular methods the detection of virus (e.g. norovirus) in food constitutes a challenge due to the low number of virus particles needed to cause disease, the high variability of the virus genome and the possible presence of inhibitory substances in such a complex and variable matrix as food. Furthermore, some food-borne infections of viral origin have a long incubation period lasting several weeks (like HEV) and therefore usually no food is available for testing once the disease is diagnosed. Furthermore, as a consequence of the difficulties mentioned above and in contrast to the situation with bacterial food-borne pathogens, there is no efficient monitoring system in place for the detection of viral contamination of food (Newell et al., 2010) .
The food-borne viral agents causing enteric disease are norovirus, astrovirus, rotavirus and coronavirus, of which noroviruses appears to be the most frequently detected (FAO/WHO, 2008) . Hepatitis can be caused by Hepatitis A or Hepatitis E virus while encephalitis can be caused by enterovirus or by tick-borne encephalitis virus. Other viruses have also been mentioned as possible food-borne pathogens but are at present not significant (FAO/WHO, 2008; Newell et al., 2010) .
Virus detection by PCR enables much higher analytic sensitivity for detection of virus in food (Fong & Lipp, 2005) compared to electromicroscopy or immunodiagnostic assays (Koopmans & Duizer, 2004) . This very sensitive technique frequently enables the detection of as little as 10 virus copies. Such high analytical sensitivity is a prerequisite for the detection of virus in food, because the infectious dose of several food borne viruses is in that range, but does not overcome the problem with virus being diluted or inhibited in a large food matrices. The samples that are taken and analyzed for virus contamination are much smaller (less than 0.5 g) than what is usual when testing food for bacterial contamination (25 g). Because the number of virus particles required for catching disease is very low and the virus particles are diluted in a large volume of food matrix with a very small sample being analyzed in each PCR reaction, even an extremely sensitive assay may be unable to reliably detect virus contamination. Therefore the virus particles in the food sample needs to be concentrated before analysis is performed to achieve a reasonable sensitivity of the diagnostic procedure.
Due to lack of routine or regular monitoring of foods for the presence of viral contaminants, there is relatively little information on the general occurrence of viruses in different food matrixes. However, there are some reports on food-borne viral infections caused by consumption of contaminated food.
In this paper we review the relevant viruses, the virus survival in foodstuffs, possible routes of transmission, and discuss possible detection methods.
Food borne viruses and their survival in food
Viruses cannot replicate in food and therefore the number of infectious virions will not increase during processing and storage. Although, limited data describing the survival of virus particles on food surfaces are available, it has been reported that gastroenteric viruses can remain infective for very long time on environmental surfaces. The survival of enteric viruses in food products varies due to the stability of the virus with respect to resistance to chemical and physical agents such as drying, heat, low pH, and solvents (John & Rose, 2005) . Human enteric viruses are non-enveloped viruses, and highly stable in environmental samples, such as water and different food samples. Cooking of food will normally kill the food borne viruses.
Hepatits E Virus
Hepatitis E Virus (HEV), an equally important cause of viral hepatitis as HAV, is spread through the fecal-oral route and may be water or food borne (Purcell & Emerson, 2008) . The virus is non-enveloped, belongs to the Hepeviridae family and causes acute hepatitis, clinically indistinguishable from HAV. The most common source of infection is faecally contaminated drinking water. In recent years, water borne infections have been linked to major outbreaks. HEV genotype 1 and 2 is endemic in many developing countries throughout Asia and Africa where large outbreaks have also occurred. These genotypes only infect humans, are not zoonotic and there is a strong connection between poor hygienic standards and the spread of HEV gt 1 and 2. Sporadic cases have also been associated with eating seafood contaminated by sewage. In developed countries the consumption of undercooked pig liver, pig or wild boar and deer meat constitute a source of zoonotic transmission of HEV (Tamada et al., 2004; Tei et al., 2004) . In the latter case genotype 3 and 4 have been implicated. Recently the transmission of HEV genotype 3 from pigs to humans through lightly smoked sausage containing pig liver and pork was described (Colson et al., 2010) . Genotype 3 is present in the pig population world-wide while genotype 4 is present in the pig population of East and South-East Asia. The virus is almost as resistant to environmental influences as HAV. It has been demonstrated that high pressure treatment of food efficiently inactivates feline calicivirus and murine norovirus that was used as model viruses for HEV inactivation (Wid en, 2009).
Tick Borne Encephalitis Virus (TBEV)
This virus belongs to the family of Flaviviridae, genus flavivirus and is an enveloped RNA virus and thereby sensitive to the environmental conditions. The virus is spread by ticks that can infect humans. An alternative, less common, mode of transmission through consumption of goat, sheep or cows milk has been described in Eastern and Central Europe and has been estimated to 5% of all cases in countries were this transmission occurs (Cisak et al., 2010; Dumpis, Crook, & Oksi, 1999; Kerbo, Donchenko, Kutsar, & Vasilenko, 2005; Sumilo et al., 2008) .
Furthermore it has been demonstrated that goats do shed TBE virus in milk after experimental infection and that pasteurization of the milk or immunization of the goats efficiently protects consumers from infection (Balogh et al., 2011) . Survival time for TBEV in milk is not known but is at least 12 days when kept in refrigerator (Holzmann et al., 2009) .
Noroviruses
It has been estimated that two thirds of the cases of foodborne disease in USA can be attributed to norovirus (NoV), also referred to as Norwalk or calici viruses, and in the United Kingdom the cost of infections with this agent has been estimated to 24 million pounds per year affecting more than 600 000 persons annually (Anonymous, 2000; Mead et al., 1999) . The most common cause of nonbacterial gastroenteritis worldwide is NoV (FAO/WHO, 2008; Hee-Yeon Kim, In-Gyun, & GwangPyo, 2008) and it has been suggested that the global incidence of NoV associated disease is increasing. The virus belongs to the Caliciviridae family. The worldwide spread of NoV is believed to be associated to the development of the food market with large worldwide shipments of fresh food, in addition with moderate but inadequate improvements of hygiene control (Koopmans, 2005) . This hypothesis is based on the assumption that food-borne illnesses are emerging (Newell et al., 2010) , and NoV is the most common cause (Mormann, Dabisch, & Becker, 2010) . Foodstuffs that are commonly implicated in NoV outbreaks are raw or poorly cooked seafood and meat, vegetables and fruits as well as ready-to-go food (FAO/WHO, 2008; Kim et al., 2008) g. NoV has been detected in fresh fruits, vegetables, berries, oyster and mussels. During the last decade several NoV outbreaks have been linked to consumption of raspberries (Le Guyader et al., 2004) . Outbreaks associated with consumption of raw oysters and raspberries have been found in several European countries and published in Eurosurveillance, (Maunula et al., 2009; Westrell et al., 2010) However, any type of food product is potentially a vehicle for NoV transmission because it may become contaminated by an infected food handler (Hee-Yeon Kim et al., 2008) . This virus endures temperatures up to 60 C (Glass, Parashar, & Estes, 2009) , and mild pasteurization at 65 C, used for raspberry puree, may be insufficient if the viral load is high (Baert, Uyttendaele, Van Coillie, & Debevere, 2008) . Furthermore the virus remains stable at pH below 3. The virus is resistant to environmental influences and it has been reported to survive for at least 12 days on dry surfaces.
Hepatits A (HAV)
Hepatitis A virus belongs to Picornaviridae, and is an important cause of viral hepatitis that is excreted in faeces and can be transmitted through contaminated food or water between humans only. This virus has been implicated in very large outbreaks, for example 1988 in Shaghai, China where 250.000 fell ill due to this virus (Halliday et al., 1991) . More recently, 1600 laboratory confirmed cases occurred in Czech Republic and 2800 in Latvia, during 2008 (Castkova & Benes, 2009; Perevoscikovs et al., 2009) . HAV is also relatively resistant to many environmental conditions, physical and chemical agents (Mbithi, Springthorpe, Boulet, & Sattar, 1992) , and may retain their infectivity for days to weeks in dried feces (McCaustland, Bond, Bradley, Ebert, & Maynard, 1982) . Because of the absence of envelope the virus is very stable. It has been shown that the virus can survive freezing and pasteurization (Koopmans & Duizer, 2004) . It can remain infectious in fresh water or sea water for up to 12 months and accumulate in oysters and mussels that filter the sea water. HAV can survive on surfaces for more than 60 days and on hands more than 4 h. Food can be contaminated with HAV in three main ways; at the point of sale, contamination of food during cultivation, harvesting, processing, or distribution or by exposure to contaminated water (Fiore, 2004) . Apart from the indirect transmission through contaminated food the direct transmission from person to person is the most important route. Recent reports show that HAV-infected food handlers at the point of sale (e.g. restaurants) or catering constitute the most frequent source of food-borne hepatitis A outbreaks (Fiore, 2004) . Although, consumption of improperly cooked shellfish continues to be the major source of HAV food-borne associated outbreaks, many types of berries, such as blueberries, strawberries and raspberries has also been implicated as a source of HAVoutbreaks (Calder et al., 2003) . Niu et al., 1992, reported investigation of a multistate outbreak of HAV associated with frozen strawberries involving at least 262 persons in 5 US states.
Enteroviruses
Enteroviruses belong to the Picornaviridae family and are found in aquatic environments and are transmitted by contaminated food or water via the fecal-oral route, as hepatitis A virus and noroviruses (Schwab, De Leon, & Sobsey, 1995) . Food-borne transmission of enterovirus with berries has been documented. Enterovirus infected persons may suffer from meningitis or encephalitis but other organs may also be affected. Enteroviruses are characterized by their stability to acidic conditions, both in the gastrointestinal tract and in the environment. Virus is excreted in large numbers in stool during an infection and can remain infectious in the environment for several days to weeks. Although the main transmission route is fecal-oral transmission, contaminated food and water are major sources of infection (Kocwa-Haluch, 2001) .
Rotavirus
Rotaviruses are non-enveloped double stranded RNA viruses that belong to the Reoviridae family. There are 7 serotypes of rotavirus (AeG). The rotaviruses infect both respiratory tract and gastrointestinal tract, via fecal-oral route and person to person contact, and are a dominant etiologic agent of severe diarrhea in children. Viral particles are shed in feces in large number during an infection, and can contaminate surface water, groundwater, drinking water and food (He et al., 2008; Meleg et al., 2008; Rutjes, Lodder, van Leeuwen, & de Roda Husman, 2009; Steinmann, 1981) .
According to estimates from WHO more than a million children die each year from rotavirus infection, due to severe dehydration (WHO, 2009) . In recent years, reports have shown that the incidence of rotavirus disease is similar in both industrialized and developing countries (Parashar, Hummelman, Bresee, Miller, & Glass, 2003) .
The virus is very stable in the environment, resistant to most disinfectants and can survive long time, up to weeks on contaminated surfaces. Apart from the direct route from person to person the virus can be transmitted indirectly through ingestion of contaminated food and drinking water. Ready-to-eat food like prepared salads, sandwiches, and other foods that require no cooking before consumption can easily be contaminated by infected food handlers. Rotavirus outbreaks have frequently been associated with consumption of contaminated drinking water and oysters (Kittigul et al., 2008; Meleg et al., 2008) .
Routes of contamination
Most of the virus contamination of food occurs through contact with sewage, contaminated water used for irrigation, washing, food processing or from an infected person who has handled the food during the production or processing (SCVMPH, 2002) . In the latter case the personal hygiene of food handler is of great importance. Contaminated surfaces are also an important source of contamination. Food products may be contaminated at the source, usually through contact with contaminated irrigation water or sewage contaminated sea water. Shellfish, oysters and mussels that are particularly prone to contamination from sea water mixed with effluents from urban areas because of their ability to concentrate virus and are therefore often involved in outbreaks worldwide. Fruits, berries and lettuce are often contaminated during harvesting, handling and preparation by HAV or NoV infected workers (SCVMPH, 2002; WHO, 2007) . In the case of HEV and TBE the product is contaminated by infection of the live animal. In this manner the liver of pigs may become infected with HEV. Other tissues, e.g. kidney, may become infected in the same manner or contamination of the meat may occur during slaughter. Milk and milk products originating from infected goats, sheep or cows may contain infectious TBE virus (see above).
Review of possible detection methods

Hepatitis E virus
In spite of intensive trials it has proven very difficult to grow HEV in cell culture. The successful and continuous replication of HEV in vitro in PLC/PRF/5 A549 cell lines was published by one group (Okamoto, 2011; Tanaka et al., 2009) while another group reported successful in vitro replication in PSI and CLAB cell line (Cencic, 2008) . Other groups have published temporary low level replication of HEV (Emerson, Arankalle, & Purcell, 2005) . While this constitutes an important step forward for the detection and studies of HEV, cell culture for HEV is still not a tool generally available to the scientific community or food safety laboratories. Several PCR and real-time PCR protocol for HEV detection has been published. Real-time PCR is suitable for screening of samples and detect genotypes 1, 2, 3 and 4 with high sensitivity (Gyarmati et al., 2007) . This PCR is also suitable for testing various food samples of porcine origin (data not shown). To determine the genotype a gelbased PCR amplifying part of the RNA polymerase gene can be used (Zhai, Dai, & Meng, 2006) .
TBE virus
Contamination of milk with TBE virus may be detected through RT-PCR, virus isolation on cell culture, inoculation of suckling mice or indirectly through antibody detection with serological assays. The replication of TBE virus in a pig intestinal and macrophage functional cell model has been reported (Cencic & Avsic-Zupanc, 2009 ).
Norovirus
Due to lack of appropriate growth conditions in a cell culture system, (NoVs) are detected mostly by molecular methods (Patel, Hall, Vinje, & Parashar, 2009 ). However, traditional detection methods such as electron microscopy (EM) and antigen detection assays (e.g ELISA) are still frequently used for detection of NoV in human stool samples. Before the time of molecular biology techniques electron microscopy (EM) was for a long time the only method to detect NoV (Caul & Appleton, 1982) . The advantages of EM is that it allows visualization of characteristic viral morphology, it is rapid and requires minimal sample preparation and have therefore sustained to be a valuable diagnostic tool for NoV infection. However, there is some disadvantages, the technique requires samples with large number of virus particles (e.g. low sensitivity), highly skilled personnel and well equipped laboratory, and can only be used for detection of NoV in clinical samples and not environmental-and food samples.
Commercial immunoassays for detecting norovirus are available. These can be used close to the patient or the outbreaks but suffer from serious limitations regarding sensitivity and specificity. Therefore the use of such assays should be combined with other more reliable tests.
Currently the most commonly used method to detect and differentiate NoV is RT-PCR assays. Several real-time RT-PCR assays have been described for NoV detection in clinical samples during the last decade. The very high sequence variability of norovirus constitutes the most serious obstacle for PCR assays for norovirus detection. As a result a wide range of sequence variants exists and new ones a constantly evolving. The ideal test should thus be able to detect the broad range of norovirus variant that exists and as well as new variants. Most of the assays target the open reading frame 1 (ORF1) of the RNA-dependent-RNA-polymerase (RdRp) gene, because it is well conserved among the different NoV (Green, Gallimore, Norcott, Lewis, & Brown, 1995; Hafliger, Gilgen, Luthy, & Hubner, 1997; Jiang et al., 1999; Nakayama et al., 1996; Vinje & Koopmans, 1996) . Katayama et al. showed that the ORF1-ORF2 junction is well conserved and suitable for real-time TaqMan assays (Katayama et al., 2002) . Assays based on this region have also been developed by other groups (Hohne & Schreier, 2004; Jothikumar et al., 2005) . This assay is able to detect a wide range of noroviruses from genogroup 1 and 2 with an ability to detect as little as 100 genomic equivalents. Commercial PCR assays are also available. However, a comparison of two commercial kits with the assay proposed by CEN/ TC/WG6/TAG4 group showed that the commercial kits had a much poorer performance (Butot et al., 2010) .
There is no threshold for infectivity established for NoV detected by PCR, since molluscs carrying low viral loads have been associated with human outbreaks. Data are rare and quantification of NoV in shellfish implicated in outbreaks varies form hundred to thousand RNA copies/g of oyster digestives tissues. However, some samples with less than hundred RNA copies/g of oyster digestive tissues have been demonstrated to be responsible for human cases both in UK or France (Baker et al., 2010; Le Guyader et al., 2008; Lowther, Avant, Gizynski, Rangdale, & Lees, 2010) . However, a correlation has been found between the numbers of NoV genome copies in oysters, and the amount of self reported illness in a specific study in the UK.
Hepatitis A virus
Detection of HAV in shellfish with assays based on PCR has been reported since the mid nineties. Currently, there are numerous publications demonstrating the development and performance of PCR-based detection methods for HAV in shellfish (David Lees., 2010) .
For diagnostic use on clinical samples, other detection methods such as immunoassays are available; however they are not suitable for environmentally contaminated samples such as bivalve shellfish or other foodstuff. A Technical Advisory Group (TAG), consisting of selected European laboratories has since 2004 worked on recommendations for the development of standard methods for detection of noroviruses and HAV in food (including shellfish). This work is carried out on behalf of the European Committee for Standardization (CEN) . A series of studies on the method and the different stages of development of the method are evaluated by inter-laboratory comparisons. The methods are under development and evaluation by TAG members and a reference method is expected to be available in the form of a scientific publication, year 2012 (David .
Several groups have demonstrated NoV findings in food samples by RT-PCR. Maunula et al. could detect NoV GI was in 3/5 raspberry samples analyzed by NoV real-time RT-PCR (Maunula et al., 2009) .In the beginning of this year, Westrell and co-workers reported their investigation of several NoV outbreaks linked to oyster consumption, using RT-PCR. The outbreaks occurred simultaneously in the United Kingdom, Norway, France, Sweden and Denmark, representing 334 cases in 65 clustersand NoV was found in samples from 25 of the clusters (Westrell et al., 2010) .
Recently, Kostela and co-workers described a long reverse transcription polymerase chain reaction (LRP) using broadly reactive primers (Vennema, de Bruin, & Koopmans, 2002) for amplification of large noroviral RNA sequences in clinical specimens (Kostela et al., 2008) . Over the past two decades, the development of molecular diagnostic methods, such as RT-PCR has significantly improved the understanding of NoVs (Patel et al., 2009) , and they can be valuable diagnostic tools in the evaluation of outbreak.
Enterovirus
Although, cell culture based diagnostic techniques are reliable and traditionally used for detection of enteroviruses. More and more molecular detection methods such as PCR have been developed during the last decade. Since, cell culture assays are expensive and time-consuming, and molecular techniques offer more sensitive, highly specific and rapid test results for enteroviruses (Hymas, Aldous, Taggart, Stevenson, & Hillyard, 2008; Oberste, Penaranda, Rogers, Henderson, & Nix, 2010) . Nowadays, real-time RT-PCR is frequently used for detection of enterovirus in clinical samples, and in some extent also used for detection of enteroviruses in environmental samples (Schwab et al., 1995) . A majority of the real-time RT-PCR publish is targeting the highly conserved 5 0 untranslated region identified by Rotbart et al. in 1990 (Rotbart, 1990 .
Recently, Rutjes and co-workers reported a comparison evaluation of enterovirus detection by an in-house RT-PCR with a novel commercially available real-time nucleic acid sequence-based amplification (NASBA) assay. Samples of ten liters of raw and treated sewage water and large volumes of river water were analyzed by both methods. They demonstrated that the commercial real-time NASBA assay was somewhat less sensitive then their in-house developed RT-PCR. However, the authors conclude that due to the enormous decrease in turnaround time, the commercial method may be an attractive alternative to RT-PCR (Rutjes, Italiaander, van den Berg, Lodder, & de Roda Husman, 2005) .
Rotavirus
Antigen capture enzyme-linked immunosorbent assay (ELISA), latex agglutination, and reverse transcription-PCR (RT-PCR) electron microscopy are techniques that are relatively efficient to use for detection of rotaviruses. Because of the large quantities of rotavirus present in stool samples all of the methods are suitable for detection of rotavirus in clinical samples. However, PCR has become the best alternative for detection of rotavirus present at low concentrations in environmental samples. A variety of sensitive conventional or RT-PCR methods have been developed based on primers specific for several different rotavirus genes (Kang et al., 2004) .
Several studies have demonstrated the use of RT-PCR for detection of the presence of rotaviruses in drinking water-, environmental-and food samples (Kittigul et al., 2008; Meleg et al., 2008) .
Meleg and co-workers published development of realtime PCR assay based on broadly reactive primer pair quantitative detection group C rotaviruses in environmental sample. The method was used to analyzed a total of 35 raw and 35 treated sewage samples from four different sewage treatment plants. The result from their study revealed a high detection rate both in case of raw and treated sewage samples, 91% and 57%, respectively (Meleg et al., 2008) .
Recently, Kittigul et al., demonstrated development of an RT-nested-PCR method for the detection of rotaviruses in naturally contaminated oyster samples. They, used the method to analyze 120 oyster samples collected from local markets and oyster farms, their study revealed a detection rate of 3.33% (4/120) (Kittigul et al., 2008) .
Establishment of microbiological criterias for food borne viruses
Viruses can be detected in fresh produce, but prevalence studies are limited, and quantitative data on viral load is scarce making establishment of microbiological criteria (food safety criteria) for these food categories difficult. Although there are documented cases of derived illness, the relative contribution of fresh produce to the overall public health risk of food borne viruses has not been established.
Data now exist for NoV in bivalve molluscs to enable the risk managers to establish criteria while considering the impact of a given criteria on the exposure of the consumer. However, sufficient data does not exist yet for HAV.
Example noroviruses
The establishment of microbiological criteria for virus contamination in food will help in the prevention of food borne disease. As an example, microbiological criteria for noroviruses in shellfish could be used. It should now be possible to establish microbiological criteria for norovirues in bivalve molluscs shellfish requiring absence in a sample from a food batch. As more knowledge becomes available it can be foreseen that other criteria for noroviruses, HAV, HEV can be established in the years to come to inform risk management decisions.
Another possibility would be testing of food handlers after they have been sick for noroviruses, provided a cheap and reliable testing method is available.
A third possibility would be to have process hygiene criteria for the use of water for irrigation of leafy vegetables intended for direct consumption, but the knowledge of amount of viruses is so far limited, and methods for analyzing larger volumes of water for NoV would then be needed.
Breaking the transmission of viruses along the food chain
One issue would be to introduce handwashing routines when processing foods. Food handlers with clinical symptoms of gastroenteritis indicative of viral origin should be removed from food handling areas and not be allowed to reenter before after 48 h past the cessation of clinical symptoms or if better diagnostics becomes available 48 h since cessation of virus shedding and clinical symptoms.
In the case that some workers have clinical symptoms their will be need for a general increase in biosecurity of the food processing and handling for all staff as the likelihood person shedding the viruses without having clinical symptoms is increased.
Moreover, the cleaning of surfaces in a food business must have regard that viruses can survive for several weeks. Thus cleaning and disinfection procedures must take this into account.
Concluding remarks
Many studies have been conducted to investigate the presence of virus in the environment. However, much more research is needed, especially on the development of quantitative and qualitative analysis of viruses in water and environmental samples (e.g. food samples). The problem is that virus levels are often so low that they are difficult to detect, yet high enough to pose a health risk.
A reasonable conclusion appears to be that control of food borne viruses cannot be done through solely by test and removal of contaminated foodstuffs, but rather by process control validated and supported by testing for food borne viruses.
Virus in the environment often originates from waste of infected people or animals, which can contaminate both fresh and sea water. Sewage or runoff from agricultural land, contaminated by application of organic waste or manure, can contaminate water, and this water will present a higher risk for contamination if used as irrigation or processing water of foods, or being close to aquaculture sites such as oyster farms. Since viruses do not multiply outside a host, the transmission of enteric viral pathogens from food is an integral part of the cycle of disease. They can persist in an infectious state until contact with a new host, and they have proved capable of prolonged survival in different environments such as water and food products.
Extensive extraction and concentration procedures are needed before the virus can be detected in food and environment. Various pretreatment techniques have been developed for that purpose; such as filtration, flocculation, and centrifugation. These have been applied in both the European and national projects for the pretreatment of sample before nucleic acid extraction and delivered to final detection system.
In order to choose the most relevant diagnostic assay for detection of virus contamination in food; answering a number some key questions is helpful.
We suggest that the following hierarchy for the possible uses of diagnostic tests is applied.
Is the assay for detection of the virus in question suitable for:
a. Research purpose: detection, identification and characterization of the strains. It is more interesting what you find than what you might miss. b. Outbreak investigations for examining foodstuff linked epidemiologically to human cases. Would a positive finding of virus confirm the epidemiological suspicion regarding source while a negative finding would refute the hypothesis? c. Could the detection methods be used for validating the process control (GHP, HACCP) in food production of risk food? In this case, would the absence confirm that the process control is working and a positive finding that a there is a health risk with the food production process/chain? d. Could the detection methods be used for monitoring surveillance of food sources? Here the costs and resources required to run the procedure and whether there would be many false positives (meaning lots of food are wasted) while if there are false negatives indicating food still unsafe. If you run a monitoring program you could still interpret the results on the population level, but not for the individual sample. A surveillance program could be difficult though. e. Could you use the detection method to declare a batch of food safe or unsafe, in this case you must be able to interpret the results on individual batch level. If there would be many false positives (meaning lots of food are wasted) while if there are false negatives indicating food still unsafe.
